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1
WORKPIECE FLIPPING MECHANISM FOR
SPACE-CONSTRAINED ENVIRONMENT

TECHNICAL FIELD

The present disclosure relates generally to semiconductor
processing, and more particularly, to robot handling of work-
pieces, such as wafers and substrates, in vacuum chambers.

BACKGROUND

FIG. 1 is a schematic diagram of a workpiece processing
system 100 in which a workstation 102 is coupled to an
equipment front-end module (EFEM) 104. Workpieces
handled manually or by robots (not shown) in EFEM 104 are
delivered to or from the workstation 102 for processing in the
workstation. Examples of workpieces include semiconductor
wafers of various diameters, and substrates such as flat-panel
displays. A pair of load locks 106 serve as interfaces between
the vacuum environment of the workstation 102 and the
EFEM 104, which is at atmospheric pressure.

Workstation 102 includes a vacuum transfer chamber
(VTC) 108 surrounded by one or more processing stations
110 coupled at bays 111 of the VTC. The vacuum transfer
chamber 108 houses a workpiece handling robot 112 in a
vacuum environment. Workpieces, such as semiconductor
wafer 114, are transferred by workpiece handling robot 112
from the load locks 106, to the various processing stations
110, and then back to the load locks. Workpiece handling
robot 112 is equipped with an end effector 116 that engages
the workpieces for pickup and transport between the load
locks 106 and the processing stations 110. Each processing
station 110 performs a particular processing task, such as
chemical vapor deposition (CVD), plasma deposition, and
the like, on the workpiece delivered to it by workpiece han-
dling robot 112. Workpiece handling robot 112 may be
equipped with multiple end effectors (only one is shown), and
these may be independently actuatable in any of multiple
degrees of freedom. The end effector(s) define the distalmost
link in an articulated multi-link arm 118 of the workpiece
handling robot 112. The number of links can vary depending
on robot design.

It may be desirable under some circumstances to rotate, or
flip, the workpiece so that it can undergo processing on an
opposite side thereof. To conduct such flipping, workstation
112 must be suitably equipped. For example, robot arm 118,
and specifically end effector 116, can be provided with an
additional motor to impart roll motion to implement the flip-
ping, and suitable clearance can be provided in the vacuum
transfer chamber 108 for the flipping motion of the work-
piece-end effector combination. However, in semiconductor
processing environments, and particularly in the highly con-
trolled vacuum transfer chamber region, “real estate” is at a
premium, and expanding the size of the vacuum transfer
chamber to provide flipping clearance for the workpiece-end
effector combination is expensive and wasteful. This is exac-
erbated by the need to provide the additional motor, which
occupies additional valuable space, and adds complication,
weight, cost, and contaminants.

An alternative approach that is conventionally utilized is
the dedication of one of the bays 111 to the flipping operation,
by docking a specialized flipping station 120 to the VTC 108.
The flipping motion can still be performed by the workpiece
handling robot 112, which would then have to be suitably
equipped (additional motor, etc.), to the detriments discussed
above; or the flipping motion can be performed by a special-
ized mechanism (not shown) disposed in the dedicated flip-
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ping station 120. While the latter approach would eliminate
the need for a flipping motion-capable robot, it ties up one of
the bays 111, which would be better utilized for actual pro-
cessing and increased throughput.

OVERVIEW

As described herein, a flipping module operable to flip a
workpiece delivered by a robot in a vacuum transfer chamber
(VTC) includes a gripper disposed outside a working enve-
lope of the robot in a parked position in a vacuum environ-
ment of the VTC, and an actuator operable to move the grip-
per from the parked position to a receiving position, and to
rotate the gripper and workpiece to thereby flip the work-
piece.

Also described herein is a VI'C using such a flipping mod-
ule. The VTC includes a wall defining a chamber operable to
house a workpiece handling robot in a vacuum environment,
and one or more bays for coupling the vacuum environment to
associated processing stations.

Also described herein is a method for flipping a workpiece
in a vacuum environment containing a wafer handling robot
whose motions prescribe a working envelope in the vacuum
environment. The method includes moving a gripper from a
parked configuration clear of the working envelope to a
receiving configuration, delivering the workpiece to the grip-
per in the receiving configuration, rotating the gripper to
thereby flip the workpiece, and retrieving the flipped work-
piece from the gripper

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated into
and constitute a part of this specification, illustrate one or
more examples of embodiments and, together with the
description of example embodiments, serve to explain the
principles and implementations of the embodiments.

In the drawings:

FIG. 1 is a schematic diagram of a conventional workpiece
processing system in which a workstation is coupled to an
equipment front-end module (EFEM).

FIGS. 2A and 2B are diagrammatic elevational and plan
views of portions of a vacuum transfer chamber (VTC) 200 in
accordance with certain embodiments herein;

FIG. 3 is a perspective view of a flipping module in accor-
dance with certain embodiments;

FIGS. 4A-4E are diagrammatic views showing a sequence
of flipping module configurations associated with a flipping
operation in accordance with certain embodiments herein;

FIG. 5 is a view of the flipping module detailing a gripping
motion thereof in accordance with certain embodiments; and

FIG. 6 is a flow diagram of describing procedures associ-
ated with a flipping process in accordance with certain
embodiments herein.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Example embodiments are described herein in the context
of a workpiece flipping mechanism for a space constrained
environment. Those of ordinary skill in the art will realize that
the following description is illustrative only and is not
intended to be in any way limiting. Other embodiments will
readily suggest themselves to such skilled persons having the
benefit of this disclosure. Reference will now be made in
detail to implementations of the example embodiments as
illustrated in the accompanying drawings. The same refer-
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ence indicators will be used to the extent possible throughout
the drawings and the following description to refer to the
same or like items.

In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It
will, of course, be appreciated that in the development of any
such actual implementation, numerous implementation-spe-
cific decisions must be made in order to achieve the develop-
er’s specific goals, such as compliance with application- and
business-related constraints, and that these specific goals will
vary from one implementation to another and from one devel-
oper to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking of engineer-
ing for those of ordinary skill in the art having the benefit of
this disclosure.

In accordance with this disclosure, the components, pro-
cess steps, and/or data structures described herein may be
implemented using various types of operating systems, com-
puting platforms, computer programs, and/or general purpose
machines. In addition, those of ordinary skill in the art will
recognize that devices of a less general purpose nature, such
as hardwired devices, field programmable gate arrays (FP-
GAs), application specific integrated circuits (ASICs), or the
like, may also be used without departing from the scope and
spirit of the inventive concepts disclosed herein. Where a
method comprising a series of process steps is implemented
by a computer or a machine and those process steps can be
stored as a series of instructions readable by the machine, they
may be stored on a tangible medium such as a computer
memory device (e.g., ROM (Read Only Memory), PROM
(Programmable Read Only Memory), EEPROM (Electri-
cally Erasable Programmable Read Only Memory), FLASH
Memory, Jump Drive, and the like), magnetic storage
medium (e.g., tape, magnetic disk drive, and the like), optical
storage medium (e.g., CD-ROM, DVD-ROM, paper card,
paper tape and the like) and other types of program memory.

FIGS. 2A and 2B are diagrammatic elevational and plan
views of portions of a vacuum transfer chamber (VTC) 200 in
accordance with certain embodiments herein. VIC 200
houses a workpiece handling robot 202 at least partially dis-
posed in a vacuum environment 204. End effector 205 of a
robot arm 206 is shown carrying a workpiece, in this case a
semiconductor wafer 207, for transport to and from various
processing stations 208 and load locks 210 that are docked to
the VTC. Robot motion is under the direction of a robot
controller 211, which sends signals to the various robot com-
ponents to implement the desired motion, and receives feed-
back to accurately control and coordinate the motion.

Robotarm 206 and transported wafer 207 prescribe a three-
dimensional zone within a working envelope 212 (broken
line) in VTC 200 during normal operation of the robot 202. At
various times during their motions in VIC 200, at least a
portion of one or both robot arm 206 and wafer 207 will pass
through or obstruct points in the zone in working envelope
212.

Also disposed in VTC 200 is a gripper 214 of a flipping
module 216. Gripper 214 is shown in a parked position, in
which it is clear of the working envelope 212. Thus, during
normal operation of robot 202, as the robot arm 206 moves
within vacuum environment 204 and transports the work-
piece to and from various processing stations 208 and load
locks 210, gripper 214 is disposed in the parked configura-
tion, remaining clear of the working envelope 212. In certain
embodiments, such clearance is attained by the substantially
vertical orientation of gripper 214 seen in FIG. 2, although
this is not by way of limitation and other parked orientations
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4

that similarly clear a robot arm-workpiece motion zone are
contemplated. In addition, the yoke shape of gripper 214 aids
in achieving the clearance in the parked position, whereby
portions of the yoke extend above and below the working
envelope 212, although other shapes, depending on the con-
tours of the working envelope, are contemplated. It should
also be recognized that while for simplicity a simple box
shape is illustrated for the working envelope 212, in typical
applications more complex shapes would more accurately
represent the working envelope.

Gripper 214 is part of flipping module 216, shown in
greater detail in FIG. 3. Flipping module 216 is mounted to
VTC 200 and in certain embodiments is generally disposed
with gripper 214 lying in the vacuum environment 204, and
the remainder of the flipping module lying outside the
vacuum environment. Actuators 302a, 3025 (collectively
302) provide flipping module 216 with two degrees of free-
dom: the first to couple-decouple gripper 214 and the work-
piece, and the other to rotate the gripper and flip the work-
piece. In certain embodiments, the actuators 302, along with
supporting electrical, mechanical and other components (not
shown) are generally disposed in housing 304 and are
retained outside VTC 200 to the extent possible, in order to
minimize the amount of space that the flipping module 216
occupies within the vacuum environment 204. This is not by
way of limitation, however, and in certain embodiments the
majority or even all the flipping module components are
disposed within vacuum environment 204 of VTC 200, such
that the flipping module is mostly or entirely contained
therein.

Returning to FIG. 3, the housing 304 penetrates through
wall 306 of VTC 200, at hole 308, in a manner that preserves
the integrity of the interior vacuum environment. A vacuum
seal (not shown) can therefore be used for that purposes.
Operation of the flipping module is under the control and
direction of the controller 211.

During normal robot operation, gripper 214 rests empty in
the parked position, substantially in a vertical plane, as shown
in FIG. 4A. In the parked position, gripper 214 is outside the
working envelope 212, and does not interfere with the
motions of the robot arm 206 and transported workpiece.

When the need to flip the workpiece arises, gripper 214 is
brought to a workpiece receiving position, shown in FIG. 4B.
To do this, controller 211 directs the actuator 302a to rotate
the gripper 214 ninety degrees (or 270°), to lie substantially in
a horizontal plane. The rotation is along the illustrated
double-headed arrow, about axis A.

It may be that the receiving position, and the trajectory of
the gripper 214 as it is rotated to the receiving position,
overlap working envelope 212. Controller 211 can take mea-
sures to ensure that no collisions occur, either by parking the
robot arm 206 and workpiece outside a working envelope of
the gripper during gripper rotation, or by coordinating the
motion of the robot arm/workpiece with the motion of the
gripper 214 such that they are never in overlapping locations.

When the gripper 214 is safely in the receiving position,
robot arm 206 delivers the workpiece thereto. The workpiece
is then captured by the gripper 214 and the robot arm is moved
outside a working envelope of the workpiece-laden gripper.
This configuration is shown in FIG. 4C, in which a semicon-
ductor wafer 207 (labeled WXY) is shown in gripper 214.

Capture of the workpiece can be effected in any of several
manners, and can involve a plurality of contact points, or one
or more contact surfaces, between the workpiece, and spe-
cifically the edges thereof, and the gripper 214. In certain
embodiments, mechanical capture can be implemented, as
described with reference to FIG. 5. In particular, branches
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214a, 2145 of gripper 214 are disjoined, with one or both of
them being movable by actuator 3025 inwardly at pivot point
510 to make contact with the multiple points or surfaces on
the edge of the workpiece. In certain embodiments, a single
actuator, 302a, can be used for both the flipping (that is,
rotating) and gripping motions of gripper 214, with suitable
mechanical linkages (not shown) provided for this purpose.
In certain embodiments, the capture actuator can take the
form of a vacuum mechanism, operable to cause gripping of
the workpiece by suction. Also shown in FIG. 5 is a portion of
the working envelope 212, which penetrates into an interior
region 218 of the gripper 214 but does not overlap surround-
ing branches 2144, 2145 or any portion of the flipping module
216 in the parked position.

Once the workpiece is securely captured by gripper 214, a
flipping operation is commenced. This entails rotating grip-
per 214 clockwise or counterclockwise 180° (or any other
amount if a different orientation of the workpiece is desired).
The rotated configuration is shown in FIG. 4D. During rota-
tion, controller 211 can take measures to ensure that no col-
lisions occur, either by parking the robot arm 206 outside a
working envelope of the gripper and workpiece during rota-
tion, or by coordinating the motion of the robot arm 206 with
the motion of the gripper/workpiece such that they are never
in overlapping locations simultaneously.

After the workpiece is flipped, a transfer operation is
orchestrated, whereby robot arm 206 picks up the workpiece
from gripper 214. The gripper 214, after release of the work-
piece, is shown in FIG. 4E. The gripper is then rotated 90°
back to the parked position of FIG. 4A, and normal robot
operation resumes.

FIG. 6 is a flow diagram illustrating the procedure for
flipping a workpiece in VTC 200 using flipping module 216.
At 601, robot arm 206 is moved to clear the gripper 214
working envelope. At 602, gripper 214 is moved from the
parked to the receiving positions. Any concurrent motion of
the robot arm/workpiece and gripper is coordinated to avoid
collisions, and in the extreme case the robot arm is kept
entirely out of a working envelope of the gripper. At 604, a
handoff from the robot arm 206 to the gripper 214 is con-
ducted. At 605, robot arm 206 is moved to clear the work-
piece-laden gripper working envelope. At 606, the workpiece
is flipped—that is, the gripper 214 with the workpiece is
rotated 180° (or any desired angle). Again, any concurrent
motion of the robot arm 206 and gripper/workpiece is coor-
dinated to avoid collisions, and in the extreme case the robot
arm is kept entirely out of a working envelope of the gripper.
At 608, a reverse handoff is performed, with the robot arm
206 picking up the flipped workpiece from the gripper 214. At
609, the workpiece-laden robot arm is moved to clear the
gripper working envelope. At 610, the gripper 214 is returned
to the parked position. Again, any concurrent motion of the
robot arm/workpiece is coordinated to avoid collisions, and in
the extreme case the robot arm/workpiece is kept entirely out
of'a working envelope of the gripper. Normal robot operation
then resumes, with the flipped workpiece. Subsequent flip-
pings can then be performed as needed, in the manner
described above.

While embodiments and applications have been shown and
described, it would be apparent to those skilled in the art
having the benefit of this disclosure that many more modifi-
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cations than mentioned above are possible without departing
from the inventive concepts disclosed herein. The invention,
therefore, is not to be restricted except in the spirit of the
appended claims.

What is claimed is:

1. A flipping module operable to flip a workpiece delivered
by a robot in a vacuum transfer chamber (VTC), the flipping
module comprising:

a gripper disposed outside a working envelope of the robot
when the gripper is in a parked position in a vacuum
environment of the VIC;

wherein the gripper and robot are located in said VTC;

an actuator operable to move the gripper from the parked
position to a receiving position, and to rotate the gripper
and workpiece to thereby flip the workpiece;

wherein the actuator is configured for placement outside
the vacuum environment of the VTC.

2. The flipping module of claim 1, wherein the receiving
position is at least partially in the working envelope of the
robot.

3. The flipping module of claim 1, further comprising an
additional actuator operable to motivate capture of the work-
piece by the gripper.

4. A vacuum transfer chamber (VTC) comprising:

a wall defining a chamber operable to house a workpiece

handling robot in a vacuum environment;

one or more bays for coupling the vacuum environment to
associated processing stations;

and

a flipping module including:

a gripper disposed in the chamber outside a working enve-
lope of the robot in a parked position; and

an actuator operable to move the gripper from the parked
position to a receiving position, and to rotate the gripper
and a workpiece captured thereby to thereby flip the
workpiece,

wherein the actuator is configured for placement outside
the vacuum environment of the VTC.

5. The VTC of claim 4, wherein the receiving position is at

least partially in the working envelope of the robot.

6. The VTC of claim 4, further comprising an additional
actuator operable to motivate capture of the workpiece by the
gripper.

7. A method for flipping a workpiece in a vacuum environ-
ment containing a wafer handling robot whose motions pre-
scribe a working envelope in the vacuum environment, the
method comprising:

moving a gripper from a parked configuration clear of the
working envelope to a receiving configuration using a
motor disposed outside the vacuum environment;

delivering the workpiece to the gripper in the receiving
configuration;

rotating the gripper to thereby flip the workpiece using the
motor disposed outside the vacuum environment; and

retrieving the flipped workpiece from the gripper.

8. The method of claim 7, wherein the receiving position is

at least partially in the working envelope.
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